Background: Catalase is a vital antioxidant enzyme that dismutates H2O2 into water and molecular oxygen. Many protocols have been developed to measure catalase enzyme activity. Spectrophotometric methods are the most common assays that used to assess catalase enzyme activity.
Introduction
Catalase is a vital antioxidant enzyme that dismutates H2O2 into water and molecular oxygen [1] . Catalase can be found in animal cells, plant cells, and aerobic microorganisms, and within the human body, catalase has been identified in erythrocytes, kidney, and liver, where it is typically considered to be a component in the major defense system against H2O2 formation [2] . Measuring changes in the endogenous antioxidant activity of catalase enzyme has previously been used to quantify reactive oxygen species [3] . Therefore, the assessment of catalase enzyme activity is essential and vital to the evaluation of oxidative stress in biological tissues.
Many protocols have been developed to measure catalase enzyme activity. The most common assay used to assess catalase enzyme activity is the ultraviolet (UV) spectrophotometric protocol, which measures the catalase enzyme-mediated dismutation of hydrogen peroxide into molecular oxygen and water as a change in absorbance at 240 nm [4] . However, the application of the UV spectrophotometric method is limited for the following reasons [5] . First, catalase enzyme activity can be inhibited by alterations in the structures of catalase active sites that occur in the presence of high concentrations of H2O2. Second, DNA and proteins absorb UV light, making the UV spectrophotometric method unsuitable for the assessment catalase enzyme activity in biological tissues [6] .
Spectrophotometric methods have widely been used to estimate catalase enzyme activity, using diverse reagents to form colored complexes that absorb light within the visible spectrum, such as the ferrous oxidation in xylenol orange (FOX) assay [7] that absorbs at 560 nm, the carbonate cobaltate(III) complex that absorbs light at 440 nm [8] , the indamine dye with a water-soluble ironporphyrin [9] that absorb at 590 nm, and the peroxovanadate complex (NH4[VO(O2)SO4) that absorbs light at 452 nm [10] . Shivakumar et al., [11] utilized an isonicotinic acid hydrazidepyrocatechol system to examine the dissociation of hydrogen peroxide and assess catalase activity.
Optical sensors have also been used to assess catalase activity. For the continuous determination of hydrogen peroxide concentrations, Posch and Wolfbeis [12] described three types of sensors that measure the oxygen levels formed in response to the dissociation of hydrogen peroxide by a specific catalyst. The fluorescence quenching of a silica gel-adsorbed dye entrapped in silicone rubber was utilized to quantify changes in oxygen levels and applied to the assessment of catalase enzyme activity. Cohen and Weber [13] described a device for the detection and generation of hydrogen peroxide, in situ, using gold-coated optical fiber. This device photochemically produces and electrochemically senses H2O2 in aqueous buffered samples and was utilized to assess catalase enzyme activity. Finally, Bekdeşer et al., [14] developed a low-cost and rapid optical sensor based cupric reducing antioxidant capacity (CUPRAC) assay to assess catalase enzyme activity in liver and kidney tissue homogenates.
Special methods have been developed based upon the estimation of liberated oxygen concentrations, in response to the dissociation of H2O2. Oxygen generation can be quantified using a low-flow gas meter [15] or oxygen electrodes [16] .
Another method utilizes different probes in the presence of peroxidase or peroxidase mimics [17, 18, 19] to detect the residual H2O2 concentration. However, peroxidase is expensive and very unstable in solution [20] .
In this manuscript, we report a simple spectrophotometric method for rapidly measuring catalase activity, based on the measurement of H2O2. This method utilizes a reaction between a hydroquinone/anilinium sulfate/ammonium molybdate reagent and unreacted hydrogen peroxide, which yields a purple, disubstituted quinone compound with a maximum absorbance at 550 nm. This new method is inexpensive, rapid, simple, and accurate and can be applied to systematic research analyses and routine clinical measurements.
Materials and Methods

Chemicals
All chemical substances were attained from standard commercial suppliers.
Principle
The current method utilized the reaction between a hydroquinone/anilinium sulfate /ammonium molybdate reagent and unreacted hydrogen peroxide, which forms a purple, disubstituted quinone compound with a maximum absorbance at 550 nm. The reaction between hydroquinone and aniline in the presence of H2O2 is shown in Scheme 1 [21] . Scheme 1. Proposed reaction for the formation of purple -colored product of the disubstituted quinone compound.
The system, H2O2/ MoO4 2-, could act as a peroxidizing agent via the generation of singlet oxygen ( 1 O2) [22] , as shown in equations 1 and 2 [23] . Subsequently, 1 O2 molecules react with reduced hydroquinone to form the oxidized form.
Reagents
(1) Hydroquinone solution (0.25 mol/L) was composed of 2.75 g hydroquinone in 100
ml of distilled water (DW).
(2) Anilinium sulfate solution (0.125 mol/L) was composed of 3.554 g anilinium sulfate dissolved in 100 ml DW.
(3) Ammonium molybdate solution (0.05%) was composed of 0.5 g ammonium molybdate dissolved in 100 ml DW.
(4) Working reagent was prepared freshly by mixing anilinium sulfate (200 ml), hydroquinone (300 ml), and ammonium molybdate (100 ml). The sequence of addition for the component solutions was very important to the achievement of accurate results.
(5) Phosphate buffer (pH 7.4, 50 mM): solution (a) was composed of 6.81 g KH2PO4 dissolved in 1 l of DW, and solution (b) was composed 8.90 g Na2HPO4.2H2O dissolved in 1 l of DW; freshly prepared phosphate buffer was prepared by mixing (a):(b) at a 1:1.5 ratio.
(6) Hydrogen peroxide solution (10 mM) was freshly prepared by mixing 114 µL H2O2 (30%) with 100 ml phosphate buffer.
Erythrocyte samples
Three milliliters of whole blood were used to prepare erythrocyte lysates. The blood was drawn from a researcher in the Department of Chemistry at the University of Babylon (Iraq). The heparinized whole blood was centrifuged at 400 × g for 10 min, and then the buffy coat and plasma were removed and disposed. Subsequently, aliquots of the resulting red blood cells (500 µl) were washed three times with 5 ml NaCl solution (0.9%). The samples were centrifuged after each wash at 500  g for 10 min.
The test tubes were vortexed for five seconds after the addition of 2 ml ice-cold DW.
Then, the test tubes were incubated at 4 °C, for 15 min in the dark. Stock hemolysates were resuspended in phosphate buffer solution (0.05 M), at a dilution factor of 500. The resulting erythrocyte lysates were utilized as a suitable source of catalase enzyme activity.
Tissue preparations
The central animal house of the College of Science at the University of Babylon, Iraq provided male albino mice and rats. Broiler chickens were obtained from the central market (Hilla City, Iraq). Liver tissues were surgically excised immediately after the animals were sacrificed. Livers were washed with 0.9% NaCl solution (w/v) to eliminate blood and contaminates, and then the liver tissues were homogenized in 1.15% (w/v) cold KCl. After filtration, the resulting sample was diluted with 0.05 M phosphate buffer solution, at a ratio of 1:500, and utilized as a suitable source of catalase enzyme activity.
Instrument
A spectrophotometer (Shimadzu 1800) was utilized in this study.
Procedure
The procedure utilized to assess catalase activity is shown in Table 1 . where t is time, S° is the absorbance of the standard test tube, and S is the absorbance of the sample test tube.
Results and Discussion
The current method utilized the reaction between a hydroquinone/anilinium sulfate/ammonium molybdate reagent and unreacted hydrogen peroxide, resulting in the formation of a purple, disubstituted quinone compound with a maximum absorbance at 550 nm [21] .
The method takes place in a neutral pH, and this is an additional positive feature.
In the present method, the hydroquinone/anilinium sulfate/ammonium molybdate reagent acts as a catalase enzymatic reaction stop bath. Ammonium molybdate reagent was used to halt the catalase reaction via consume all the hydrogen peroxide molecules.
Ammonium molybdate reacts with H2O2 molecule that is not dissociated by the catalase enzyme to form singlet oxygen ( 1 O2). Subsequently, 1 O2 molecules react with reduced hydroquinone to form the oxidized form in the presence of aniline and molybdate to form a purple, disubstituted quinone compound (Fig. 1a) .
A reduction in the intensity of the purple disubstituted quinone compound is associated with increased catalase activity (Fig. 1b) . The spectrum of the resulting disubstituted quinone compound was scanned from 330 nm to 700 nm, and the maximum absorbance was observed at 550 nm (Fig. 1c) ; therefore, this peak was used to measure catalase activity. The optimal incubation time for the measurement of catalase enzyme activity was assessed by determining the activity of 5 units of catalase activity (HiMedia company; the code product: TC037, India) using the current method. In the current study, catalase enzyme solution was prepared in cold phosphate buffer (pH 7; 50 mM). The resulting activity was standardized using the peroxovanadate protocol, as described by Hadwan and Ali [10] . Table 2 shows that the optimal incubation time was determined to be 120 sec. The protocol described by Hadwan and Abid [24] was used to determine the potential interference of the chemicals used during the current method for the assessment of catalase activity. In brief, 9 ml solutions of potentially interfering chemicals (Table 3) , were prepared in phosphate buffer solution (pH 7.4; 50 mM) and mixed with 1 ml catalase enzyme solutions with previously determined activity levels (30 U/mL). The peroxovanadate method was used to calibrate the observed catalase activity. The final enzyme activity was determined to be 3 UmL −1 . Table 3 lists the effects of all examined potentially interfering chemicals on the assessment of catalase activity. The reliability of the disubstituted quinone method was also examined, using homogenized red blood cells as a source of catalase activity. The disubstituted quinone method was used to evaluate catalase enzyme activity, and the results were compared with those using the peroxovanadate protocol, as described by Hadwan and Ali [10] .
Similar buffers, samples, and reagents were utilized during both methods. Table 4 demonstrates that the disubstituted quinone assay has good precision. In addition, the data obtained from the disubstituted quinone method were significantly associated with the data obtained from the peroxovanadate assay, as shown in Table 5 . Table 5 . The statistical correlation between the catalase activity assessments obtained from the disubstituted quinone method and those from the peroxovanadate method. The numbers of measurements 20
Mean of catalase activity that assessed by the present method U.mL -1 .
5.74
Mean of catalase activity that assessed by the peroxovanadate method U.mL -1 .
5.67
Mean of catalase activity that assessed by both methods U.mL -1 .
5.7
The regression coefficient B 0.9863
The regression coefficient A -0.101
The correlation coefficient 1.006
The recovery of added known catalase enzyme activities (HiMedia company; the code product: TC037, India) was used to determine the accuracy of the current method. In these experiments, catalase enzyme solution was prepared in cold phosphate buffer (pH 7; 50 mM), and the resulting activity was standardized using the peroxovanadate method. The recovery of catalase enzyme activity was equal to 92% in the presence of 10 UmL −1 of enzyme and increased to 97.15% when the activity of the enzyme was varied between 0.5 to 6.5 UmL −1 (Table 6 ). shown in Fig. 2 . The present activity was adjusted using the peroxovanadate method, whereas the expected activity was measured using the disubstituted quinone method.
The correlation between the measured catalase activity and the expected catalase activity was highly linear (r = 0.9982), and the best linear curve passed through the origin.
Figure 2.
Comparison between the catalase enzyme activities of RBC homogenates obtained by utilizing the disubstituted quinone method and peroxovanadate method.
Catalase activity assays were then performed using lysates from five different bacterial laboratory strains to clarify the further potential applications of the disubstituted quinone method. The results of these experiments indicated that similar catalase enzyme activities were obtained using the disubstituted quinone method as were obtained using the peroxovanadate method in bacterial strains, as described by
Hadwan and Ali [10] . In agreement with their findings, our results ( Table 7) showed that Staphylococcus aureus has higher catalase enzyme activity than other types of bacteria. The disubstituted quinone method was utilized to assess catalase enzyme activities in liver tissue homogenates from male albino mice, male albino rats, and broiler chickens.
Liver tissue homogenates exhibited high catalase enzyme activities (Fig. 3) . The assessment of catalase activity represents a good method for determining the ability of the liver to resist oxidative stress [25] , and many scientific reports have investigated catalase enzyme activities in the livers of albino rats and mice [26, 27] .
In parallel, the evaluation of oxidative stress in broiler chickens has been used to assess catalase activities in the liver [28, 29] . Moreover, Khanian et al. [30] utilized catalase activity measurements from the livers of broiler chickens to study the effects of Lactobacillus plantarum 299v consumption on growth and aflatoxin-related oxidative damage in the liver. In addition, Hassan et al., [31] were utilized catalase measurements of broiler chicken livers to clarify the effects of rutin on growth performance, antioxidant capacity, lipid-related transcript expression, and the economics of broiler chickens.
The disubstituted quinone assay presents several improvements over other protocols used to assess catalase enzyme activities in biological tissues. First, this method is free from the negative characteristics associated with the UV spectrophotometric method. The disubstituted quinone method requires a hydrogen peroxide concentration equal to 10 mM, in contrast with the UV spectrophotometric method, which requires a hydrogen peroxide concentration equal to 30 mM, which is a high enough concentration to inhibit catalase by modifying its active site structure [32] .
Additionally, proteins and DNA molecules can absorb UV light during the UV spectrophotometric method, whereas the disubstituted quinone assay is based upon the decreased absorbance of the characteristic disubstituted quinone band at 550 nm, which is not in the UV spectrum. The disubstituted quinone protocol could be made accessible as assay kits, does not require the use of cumbersome techniques, and is inexpensive.
Additionally, the method is simple, shows high precision, and can be applied at low H2O2 concentrations and in the presence of significant quantities of several types of biochemicals without interference.
Conclusion
A simple and precise assay for estimating catalase enzyme activity was developed and described in this study. This is a simple and cost-effective method, with the advantages of high precision and accuracy and requiring only instruments that are readily available in most laboratories.
